Premature atrial stimulation was performed during His bundle recording in four patients with the type of ventricular pre-excitation in which theforward H deflection appeared after the onset of the delta wave. The AV conduction patterns occurring in these patients seemed to have depended on the physiological differences existing between normal pathway and accessory pathway (AP) at different moments of the cycle. These differences explained the patterns noted in driven beats, namely, exclusively accessory pathway conduction (Case i), combined accessory and normal pathway conduction (Case 2), and exclusive normal pathway conduction (Cases 3 and 4).
conduction (Cases 3 and 4).
In Cases i and 3 the effective refractory period of the AP was longer than that of the normal pathway. Moreover, Case 3 had AP conduction only towards mid-cycle, sandwiched in between periods of normal pathway conduction. In Case 2, with very short refractory periods (less than I70 msec), premature atrial impulses reached the ventricles during the peak of the T wave. Case 4 had normal pathway conduction with right bundle-branch block in sinus, driven, and late diastolic testing beats, with AP conduction only at the shorter coupling intervals. The ventricular rates of spontaneous or induced atrial tachyarrhythmias were significantly faster when the accessory pathway's effective refractory period was short (Cases 2 and 4), than in the other two (Cases i and 3) with longer effective refractory periods. Though premature atrial stimulation has increased our knowledge of A V conduction, more studies are necessary to extend their usefulness to other patients with pre-excitation syndrome.
Clinical and experimental studies have shown the importance of premature atrial stimulation in analysing the physiological properties of the AV node and ventricular specialized conducting system (Moe, Mendez, and Han, I965; Damato et al., I969; Wit et al., I970a, b; Wellens, I97I; Touboul et al., I972) . It, therefore, appeared that intermittent paired atrial pacing could also provide additional information regarding the AV conduction patterns seen in patients with pre-excitation (WPW) syndrome.
Subjects and methods
The technique of His bundle recordings used in our department has been described previously (Castellanos et al., I970; Castillo and Castellanos, I970; Castellanos and Castillo, I972) . Several intracardiac leads were recorded simultaneously with four surface leads. The stimulator used delivered slightly underdamped pulses, 2 5 msec in duration. The right atrium was paced at the Received 14 September I972. lowest rate that persistently suppressed sinus node activity. These driving stimuli (St,) had twice diastolic threshold intensity. By means of a variable refractory delay, testing stimuli (St,) were delivered after every eighth driven beat at 10 tO I5 msec intervals to scan the cycle. The intensity of St2 was twice that of St,. Four patients with the type of pre-excitation in which the forward H deflection was inscribed after the onset of ventricular depolarization were studied (Castellanos et al., I970; Castillo and Castellanos, I970; Massumi and Vera, I971; Coumel et al., 197I) . Spontaneous and induced tachyarrhythmias occurred in all patients.
Definition of terms
The A-H (low right atrium to His interval) as measured in the His bundle lead was taken as a measure of AV node conduction time (normal values: 50 tO I20 msec).
In beats with exclusive conduction through the normal pathway the H-V (His to-ventricle) interval was taken as a measure of His-Purkinje conduction time (normal value: 35 to 55 msec).
Functional properties of accessory A V pathways during premature atrial stimulation 579
In beats with any degree of pre-excitation, the A-H interval could still be used to determine AV node conduction time. However, the H-V (or V-H) interval only represented differences in activation time of His bundle (by the impulse traversing the AV node) and ventricles (by the impulse descending through the accessory pathway). In all beats 'V' indicated the onset of ventricular depolarization in whichever lead it occurred first, irrespective of the pathway (s) that the impulse used to activate the ventricles. A1, H1, and V1 as well as A2, H2, and V1 were used in reference to the corresponding responses at the low right atrium, His bundle, and ventricles, induced by driving and testing stimuli, respectively.
The effective refractory period (ERP) of the normal pathway was the longest A1-A2 interval at which A2 failed to activate the ventricles through the normal pathway. The effective refractory period of the accessory pathway was the longest A1-A2 interval at which A2 failed to produce a QRS complex with a delta wave. Case 2 The tracings presented in Fig. 3 and 4 were obtained from a 27-year-old patient with WPW type A who had frequent bouts of atrial flutter and/or fibrillation with ventricular rates as high as 310 per minute. The St1-V1 intervals and the QRS complexes had a duration of 130 and I35 msec, respectively. Inscription of the forward H deflection slightly after the onset of depolarization suggested that ventricular depolarization occurred through both normal and accessory pathways (first two QRS complexes in Fig. 3 ). As the coupling intervals were reduced, the expected AV nodal delay occurred. Therefore, the forward H deflections were gradually lost within the ventricular electrogram of the His bundle electrogram lead until exclusive AP conduction appeared (last beat in Fig. 3) . In contrast to what occurred in Case i, Fig. 4 shows that atrial impulses could still traverse the AP at coupling intervals as short as I70 msec. The resulting (last) ventricular complex appeared at the peak of the antecedent T wave. The increase in QRS duration and distortion probably reflected the slow, irregular, conduction occurring during the period of incomplete ventricular recovery.
To summarize, in this patient the effective refractory period of the accessory pathway appeared to have been extremely short. Fig. 5 ). The St2-V2 interval was shorter than the corresponding driven interval. Inscription of the forward H deflection after the onset of the delta wave suggested ventricular pre-excitation through an extranodal, extra-Hisian communication. At coupling intervals between 4I0 and 315 msec the ventricular complexes again became of normal configuration. The forward H deflection appeared 40 msec before the onset of ventricular depolarization. In addition, during this (early) part of the cycle the St2-V2 interval was prolonged at the expense of the AH interval due to expected (relative) AV nodal refractoriness (last beat in Fig. 6 ). Finally, when the A1-A2 interval was reduced to 310 msec, A2 failed to reach the His bundle and consequently, the ventricles.
To summarize, AP conduction only occurred towards the middle of the cycle, in between periods of exclusive normal pathway conduction with normal AV intervals IzI. group.bmj.com on June 24, 2017 -Published by http://heart.bmj.com/ Downloaded from Functional properties of accessory A V pathways during premature atrial stimulation 583 sponding intervals was as follows: A1-H1 = 85 msec, H,-V =55 msec, and St1-Vi = i8o msec. A similar morphology (indicative of normal pathway conduction with right bundle-branch block) was also observed at coupling intervals between 85o and 570. When the A1-A2 intervals ranged between 560 and 290 the forward H deflection was inscribed after (or close to) the onset of the QRS complex. Hence, the St2-V2 interval became shorter than the corresponding driving interval. This indicated that the ventricles were pre-excited ahead of the His-bundle. During this part of the cycle the QRS morphology was that of WPW type A as shown by the last beat of Fig. 7 .
Testing stimuli were not delivered at coupling intervals of less than 290 msec because of the prolonged bouts of tachyarrhythmias which were constantly elicited. Though the exact duration of the effective refractory period of the accessory pathway could not be determined with certainty its value was less than 290 msec.
Discussion
Previous studies have emphasized the usefulness of His bundle recordings, combined with atrial pacing at increasing rates, in enhancing our knowledge of the pre-excitation syndrome (Castellanos et al., I970; Castillo and Castellanos, 1970; Wellens, 1971; Massumi and Vera, I971; Coumel et al., 197I; Touboul et al., I972) .
This report shows that premature atrial stimulation complements the latter technique. Moreover, it offers additional information regarding the complex AV conduction patterns seen in patients in whom the forward H deflection appeared (at one moment or another) after the onset of ventricular depolarization.
The various responses to coupled atrial pacing most probably reflected the physiological differences existing between normal and accessory pathways in different moments of the cycle. This statement also applies to the AV conduction patterns observed after driven stimuli, which consisted of exclusive accessory pathway conduction in Case i, coexisting normal and accessory conduction in Case 2, and exclusive normal pathway conduction in Cases 3 and 4.
Although different types of atrial tachyarrhythmias were recorded in all our patients the maximal attainable ventricular rates during the paroxysms appeared to have been related to the duration of the effective refractory period of the accessory pathway. For instance, very rapid rates (close to 300 x min) were seen in Cases 2 and 4 in which the effective refractory period of the accessory pathway was shorter than that of the normal AV pathway.
In Case 2 (Fig. 4) it was so short that premature atrial impulses delivered at a coupling interval of I70 msec were able to reach the ventricles during the expected area of ventricular vulnerability (peak of antecedent T wave).
In the presence of the multiple factors that lower the ventricular repetitive firing threshold, these early atrial impulses could have induced 'true' ventricular tachycardia or even ventricular fibrillation.
On the other hand, there were 2 patients (Cases i and 3) in whom the effective refractory period of the accessory pathway was longer than that of the normal pathway. Therefore the normal AV node refractoriness prevented the occurrence of the fast ventricular rates.
It should be stressed that the term effective refractory period was used as recommended by Drury (1937) in reference to the 'earliest moment at which an impulse can be liberated which will be conducted through muscle, for the response is judged by the arrival of the excitation wave at a distance or by the beat of the whole heart'. It contains, therefore, a conduction factor. Nevertheless, Drury (following Lewis' concepts) considered that this was the measurement having the greatest interest from the point of view of body surface recordings.
When the effective refractory period is measured by premature atrial stimulation, the conduction factor included in the refractory period is directly proportional to the distance between the stimulated site and the atrial end of the accessory pathway (Welens, 197I; Touboul et al., 1972 
